A Gram-staining-negative, motile by flagella, non-pigmented, poly-b-hydroxybutyrate-producing, strictly aerobic and sphere-shaped bacterium, IMCC3490 T , was isolated from a coastal seawater sample from the Antarctic Peninsula. Optimal growth of strain IMCC3490 T was observed at 20 6C, pH 8.0 and in the presence of 2 % (w/v) NaCl. Phylogenetic analysis using 16S rRNA gene sequences indicated that strain IMCC3490 T belonged to the genus Granulosicoccus in the family Granulosicoccaceae. The strain was closely related to Granulosicoccus antarcticus IMCC3135 T (98.8 % 16S rRNA gene sequence similarity) and Granulosicoccus coccoides Z 271 T (98.5 %). The DNA-DNA relatedness values between IMCC3490 T and type strains of the two species of the genus were far lower than 70 %, which indicated strain IMCC3490 T is a novel genomic species of the genus Granulosicoccus. The major fatty acids of strain IMCC3490 T were summed feature 8 (C 18 : 1 v7c and/or C 18 : 1 v6c) and summed feature 3 (C 16 : 1 v7c and/or C 16 : 1 v6c). The isoprenoid quinone detected was ubiquinone-8 (Q-8) and predominant polar lipids were diphosphatidylglycerol, phosphatidylglycerol and phosphatidylethanolamine. The DNA G+C content was 61.0 mol%. On the basis of phylogenetic analyses, DNA-DNA relatedness values and phenotypic data, it is suggested that strain IMCC3490 T represents a novel species of the genus Granulosicoccus, for which the name Granulosicoccus marinus sp. nov. is proposed.
The genus Granulosicoccus is a member of the family Granulosicoccaceae in the order Chromatiales (Imhoff, 2005) . The genus Granulosicoccus was first proposed with a description of Granulosicoccus antarcticus which was isolated off the coast of King George Island, Antarctic Peninsula. An additional species, Granulosicoccus coccoides (Kurilenko et al., 2010) , was isolated from the surface of leaves of Zostera marina grown in Troitza Bay, Gulf of Peter the Great, Pacific Ocean. Therefore at the time of writing, the genus comprises two species retrieved solely from marine environments. Members of the genus Granulosicoccus are Gram-stainingnegative, motile by flagella, producing poly-b-hydroxybutyrate (PHB) granules as storage materials and coccoid-shaped bacteria, which have Q-8 as the predominant respiratory quinone. In this study, we describe another bacterial strain, designated IMCC3490 T , isolated from Antarctic seawater. Phenotypic and genotypic characterization showed that strain IMCC3490 T represented a novel species of the genus Granulosicoccus.
Strain IMCC3490 T was isolated from a seawater sample collected off the coast of the Weaver Peninsula, Antarctica (62u 149 S 58u 479 E) in December 2005. A serially diluted seawater sample was spread onto oligotrophic medium, 1 : 10 (v/v) diluted R2A agar (BD Difco) with aged Antarctic seawater (1/10 R2A), and the agar plates were incubated at 20 u C for 1 month. After the optimum growth temperature of the strain had been determined, cultures of strain IMCC3490 T were routinely maintained on marine agar 2216 (MA; BD Difco) or in marine broth 2216 (MB; BD Difco) at 20 uC and stored as glycerol suspension (20 %, v/v) at 280 u C. For physiological and chemotaxonomic comparisons between strain IMCC3490 T and the two recognized species of the genus Granulosicoccus, G. antarcticus IMCC3135 T was revived from a frozen stock and G. coccoides DSM 25245 T was obtained from the Deutsche Sammlung von Mikroorganismen und Zellkulturen (DSMZ), Braunschweig, Germany. Genomic DNA was extracted by using a DNeasy tissue kit (Qiagen) according to the manufacturer's instruction. DNA-DNA relatedness between strain IMCC3490 T and G. antarcticus IMCC3135 T and G. coccoides DSM 25245 T was determined by membrane-based slot-blot hybridization using a DIG-High Prime DNA Labelling and Detection starter kit (Roche Molecular Biochemicals). DNA-DNA relatedness was calculated from the relative signal intensities of three slot-blots estimated by densitometric analysis (LAS-3000; Fujifilm). PCR amplification of the 16S rRNA gene was performed as described previously (Cho & Giovannoni, 2003) . The almost-complete 16S rRNA gene sequence (1470 bp) of strain IMCC3490 T was aligned with its closest relatives by using SILVA Incremental Aligner (SINA v.1.2.11) (Pruesse et al., 2012) . Comparative sequence analyses were performed by BLASTN of the GenBank database (Altschul et al., 1997) and confirmed via the EzTaxon-e server (Kim et al., 2012) . To further clarify the phylogenetic position of the novel strain, unambiguously aligned nucleotide positions identified in the ARB software package were employed for phylogenetic analyses. Phylogenetic trees were generated by using the neighbour-joining (Saitou & Nei, 1987) with the Jukes-Cantor distance (Jukes & Cantor, 1969) , maximum-parsimony (Fitch, 1971 ) and maximum-likelihood (Felsenstein, 1981) algorithms that are programmed in MEGA 6.0 software (Tamura et al., 2013) . The robustness of the phylogenetic trees was confirmed by bootstrap analyses based on 1000 randomly generated trees. In all phylogenetic trees generated in this study with the three treeing algorithms (Fig. 1) , strain IMCC3490 T , G. antarcticus IMCC3135 T and G. coccoides Z 271 T formed a robust clade showing high bootstrap support (100 %), indicating that the novel strain is a member of the genus Granulosicoccus.
Based on 16S rRNA gene sequence comparisons, strain IMCC3490 T was shown to be related most closely to G. antarcticus IMCC3135 T (98.8 % similarity), followed by G. coccoides Z 271 T (98.6 %). As 16S rRNA gene sequence similarity between strain IMCC3490 T and the two reference 
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Granulosicoccus marinus IMCC3490 T (KF146345) strains exceeded the recommended threshold of 97 % for the demarcation of prokaryotic species (Stackebrandt & Goebel, 1994) , DNA-DNA hybridization between the isolate and the reference strains was performed. Strain IMCC3490 T showed low levels of DNA-DNA relatedness with G. antarcticus IMCC3135 T (24 %, reciprocal 29.2 %) and G. coccoides DSM 25245 T (9.8 %, reciprocal 9.9 %). DNA-DNA relatedness values less than 70 %, the recommended threshold value for bacterial species delineation (Wayne et al., 1987) , indicated that strain IMCC3490 T does not belong to any of the above species and thus represents a separate genomic species in the genus Granulosicoccus.
For phenotypic characterization, strain IMCC3490 T was routinely grown on MA or in MB at 20 u C for 5 days. Growth at 4, 10, 15, 20, 25, 30, 37 and 42 uC and at pH 5.0-10.0 (in 0.5 pH unit intervals) was monitored in artificial seawater medium (ASW; Choo et al., 2007) supplemented with 0.5 % peptone and 0.1 % yeast extract. The pH was adjusted using the following buffering systems: MES for pH 5.0-6.0, MOPS for pH 6.5-7.0, HEPES for pH 7.5-8.0, Tris for pH 8.5-9.0 and CHES for pH 9.5-10.0. The NaCl concentrations for growth were determined in NaCl-free ASW medium amended with 0.5 % peptone, 0.1 % yeast extract and various NaCl concentrations (0-5.0 % NaCl at intervals of 0.5 % and 5.0-15.0 % at intervals of 2.5 %). The increase in turbidity of each culture was monitored by spectrophotometry (Optizen 2120UV; Mechasis). Cell size and morphology were examined by both phase-contrast microscopy (80i; Nikon) and transmission electron microscopy (TEM) (CM200; Phillips). Cells used for TEM were negatively stained with 2 % (w/v) uranyl acetate on a carbon-coated copper grid. Gliding motility was examined by using phase-contrast microscopy of hanging drop preparation (Bernardet et al., 2002) . The presence of PHB granules was assessed by Nile blue A staining (Ostle & Holt, 1982) . Growth under anaerobic conditions was tested after 2 weeks incubation, using the MGC anaerobic system (Mitsubishi Gas Chemical). Hydrolysis of macromolecules was tested by incubating cultures at 20 u C on MA containing various macromolecules, and was determined based on the formation of clear zones around colonies after applying suitable staining solutions (Tindall et al., 2007) . (30). For API 20NE, API ZYM and API 50CH tests, type strains of two species of the genus Granulosicoccus were tested as reference strains under the same culture conditions. The results of phenotypic characterizations are presented in the species description and Table 1 . Strain IMCC3490 T was differentiated from the two species of the genus Granulosicoccus by the property of macromolecule degradation, enzyme activities and acid production from carbon compounds ( Table 1) .
The DNA G+C content was determined using the HPLC method (Mesbah et al., 1989 ) with a Discovery C18 column (5 mm, 15 cm64.6 mm; Supelco). The fatty acid methyl esters of strain IMCC3490 T and the two reference strains were extracted from bacterial cultures grown on MA at 20 u C until the late exponential phase and were analysed according to the method described by the Sherlock Microbial Identification System (MIDI) version 6.1 with TSBA6 database. Polar lipids of strain IMCC3490 T and the type strain of the type species of the genus Granulosicoccus, G. antarcticus IMCC3135 T , were extracted by using an integrated approach (Minnikin et al., 1984) and were identified by using two-dimensional TLC as also described by Minnikin et al. (1984) . The polar lipids on the TLC plates were detected with molybdophosphoric acid, ninhydrin, molybdenum blue, a-naphthol and Dragendorff's reagent (Minnikin et al., 1984; Komagata & Suzuki, 1987) . The isoprenoid quinones were extracted by TLC according to Minnikin et al. (1984) and analysed by HPLC (Collins, 1985) .
The G+C content of the genomic DNA of strain IMCC3490 T was 61.0 mol%, 0.8-3.0 mol% higher than those of the two recognized species of the genus Granulosicoccus. The major cellular fatty acid constituents (.10 %) of strain IMCC3490 T were summed feature 8 (C 18 : 1 v7c and/or C 18 : 1 v6c; 42.8 %), summed feature 3 (C 16 : 1 v7c and/or C 16 : 1 v6c; 35.2 %) and C 16 : 0 (10.0 %) ( Table 2) , which were generally similar to those in the two reference strains, but a few fatty acids including C 12 : 0 differentiated strain IMCC3490 T from the two reference strains. The respiratory quinone detected in strain IMCC3490 T was ubiquinone-8 (Q-8), in accordance with data for members of the genus Granulosicoccus. The polar lipids found in strain IMCC3490 T were diphosphatidylglycerol (DPG), phosphatidylglycerol (PG), phosphatidylethanolamine (PE), an unknown aminolipid (AL), an unknown phospholipid (PL), an unknown polar lipid (L) and unknown aminophospholipids (APL) (Fig. S1 , available in the online Supplementary Material) . The polar lipids found in G. antarcticus IMCC3135 T were DPG, PG, PE, L and APLs, similar to those in strain IMCC3490 T .
Based on phylogenetic data showing the robust clade formed by strain IMCC3490 T , G. antarcticus IMCC3135 T and G. coccoides Z 271 T (Fig. 1) and similar chemotaxonomic characteristics (isoprenoid quinone content, polar lipids profiles and fatty acid contents), strain IMCC3490 T could be assigned to the genus Granulosicoccus. However, strain IMCC3490 T could clearly be differentiated from the two recognized species of the genus Granulosicoccus based on phenotypic characteristics including optimum temperature for growth, gelatin liquefaction, enzyme activities and acid production profiles (Table 1) and DNA-DNA relatedness values (far less than 70 %). Therefore, on the basis of the data presented, strain IMCC3490 T is considered to represent a novel species of the genus Granulosicoccus, for which the name Granulosicoccus marinus sp. nov. is proposed. The description of the genus Granulosicoccus is also emended.
Emended description of the genus Granulosicoccus Lee et al. 2008
The description of the genus Granulosicoccus is as given by Lee et al. (2007) with the following amendments. The major polar lipids are DPG, PG and PE. The DNA G+C content is 58.0-61.0 mol%.
Description of Granulosicoccus marinus sp. nov.
Granulosicoccus marinus (ma.ri9nus. L. masc. adj. marinus of the sea, referring to the sample from which the type strain was isolated).
Gram-staining-negative, chemoheterotrophic, oxidase-and catalase-positive, non-pigmented, strictly aerobic and motile by flagella. Coccoid or sphere-shaped (1.0-1.5 mm Table 1 . Major characteristics that differentiate strain IMCC3490 T from the two recognized species of the genus Granulosicoccus
Strains: 1, IMCC3490 T ; 2, G. antarcticus IMCC 3135 T ; 3, G. coccoides DSM 25245 T . All data were obtained during this study unless indicated otherwise. All strains were positive for catalase and oxidase activities; hydrolysis of casein, Tween 80 and aesculin; nitrate reduction and b-galactosidase; activities of alkaline phosphatase, valine arylamidase, acid phosphatase, N-acetyl-b-glucosaminidase; and acid production from D-mannose, aesculin ferric citrate, D-fucose and L-fucose. All strains were negative for indole production, glucose fermentation, arginine dihydrolase, urease and H 2 S production; hydrolysis of starch, DNA, CM-cellulose and colloidal chitin; activities of esterase(C4), esterase lipase(C8), lipase(C14), b-glucuronidase, b-glucosidase and a-mannosidase; and acid production from erythritol, D-adonitol, methyl-a-D-glucopyranoside, salicin, cellobiose, maltose, lactose, melibiose, sucrose, trehalose, inulin, melezitose, raffinose, starch, glycogen, xylitol, gentiobiose, D-tagatose, L-arabitol, potassium 2-ketogluconate and potassium 5-ketogluconate. +, Positive; 2, negative. in diameter). PHB granules are present. After 5 days incubation on MA at 20 u C, colonies are uniform, round, convex and approximately 0.7-1.3 mm in diameter. Growth occurs at 4-30 u C (optimum 20 u C), pH 6.0-9.0 (optimum pH 8.0) and with 0.5-5.0 % (w/v) NaCl (optimum 2.0 %). Casein and Tween 80 are hydrolysed, but starch, CM-cellulose, colloidal chitin, Tween 20 and DNA are not. H 2 S is not produced. Positive result in tests for nitrate reduction, aesculin hydrolysis, gelatin liquefaction and PNPG (b-galactosidase), but negative result for indole production, glucose fermentation, arginine dihydrolase and urease (with API 20NE). In API ZYM tests, positive results for alkaline phosphatase, leucine arylamidase, valine arylamidase, acid phosphatase and N-acetyl-bglucosaminidase activities, but negative results for esterase (C4), esterase lipase (C8), lipase (C14), cystine arylamidase, trypsin, a-chymotrypsin, naphthol-AS-BI-phosphohydrolase, a-galactosidase, b-galactosidase, b-glucuronidase, a-glucosidase, b-glucosidase, a-mannosidase and a-fucosidase activities. In API 50CH tests, positive results for D-mannose, methyl-a-D-mannopyranoside, N-acetylglucosamine, amygdalin, arbutin, aesculin ferric citrate, turanose, D-lyxose, D-fucose, L-fucose, D-arabitol and potassium gluconate, but negative results for glycerol, erythritol, D-arabinose, L-arabinose, D-ribose, D-xylose, L-xylose, D-adonitol, methyl-b-D-xylopyranoside, D-galactose, D-glucose, D-fructose, L-sorbose, L-rhamnose, dulcitol, inositol, D-mannitol, D-sorbitol, methyl-a-D-glucopyranoside, salicin, cellobiose, maltose, lactose, melibiose, sucrose, trehalose, inulin, melezitose, raffinose, starch, glycogen, xylitol, gentiobiose, D-tagatose, L-arabitol, potassium 2-ketogluconate and potassium 5-ketogluconate. Susceptible to chloramphenicol, erythromycin and rifampicin, but resistant to ampicillin, tetracycline, gentamicin, vancomycin, kanamycin and nalidixic acid. The major cellular fatty acids are summed features 8 (C 18 : 1 v7c and/or C 18 : 1 v6c) and 3 (C 16 : 1 v7c and/or C 16 : 1 v6c). The respiratory isoprenoid quinone detected is Q-8. The major polar lipids are DPG, PG and PE.
The type strain is IMCC3490 T (5KACC 17483 T 5NBRC 109704 T ), isolated from coastal seawater of King George Island, Weaver Peninsula, Antarctica (62 u 149 S 58 u 479W). The DNA G+C content of the type strain is 61.0 mol%.
